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General Relativity Energy loss equation
Classical mechanics precession formula 
I=1e45 g cm2
frequency dot=1e-10 Hz/sec
frequency rot.=467.5 Hz
frequecy precession=1e-3 Hz 
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Iljxuh 4714= Wkh Dftxlvlwlrq dqg Gdwd Dqdo|lvlv surfhgxuh lpsohphqwhg lq wkh DOOHJURghwhfwru1 Wkh dqwhqqd rxwsxw lv wkh uhodwlyh prwlrq ri wkh edu dqg wkh wudqvgxfhu1 Wkh orfn0
lq ghprgxodwru vkliwv wkh }hur iuhtxhqf| wr wkh uhihuhqfh iuhtxhqf|  Ã +d iuhtxhqf| ehwzhhq
wkh wzr uhvrqdqw prghv  ± dqg 
«
,1 Wkh gdwd lv orz0sdvv owhuhg/ wr dyrlg doldvlqj/ dqg
vdpsohg dw d uhodwlyh vorz sdfh +dw 458 K},1 Wkh ghprgxodwlrq vhsdudwhv wkh gdwd lq wzrfkdqqhov= wkh lq0skdvh { dqg lq0txdgudwxuh | frpsrqhqwv ri wkh gdwd vhtxhqfh1 Wkh gdwd lvvwruhg rq glvn/ zlwk lqirupdwlrq rq wkh dqwhqqd*v hqylurqphqw dqg rq wkh wlph1 Wkh gdwd lvfrqvhtxhqwho| surfhvvhg wkurxjk vriwzduh wr surgxfh d qdo wlph vhulhv fdoohg wkh %Hqhuj|Lqqrydwlrq%1
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Iljxuh 4715= Wkh eorfn0gldjudp iru wkh idvw owhu1 Wklv lv d uhodwlyh vwudljwkiruzdug surfh0gxuh1 Wkh lqsxw gdwd lv vdpsohg dw d idvw udwh +73<9 K}, dqg qrw ghprgxodwhg1 Wkh idvw
owhu lv lpsohphqwhg lq wkh Irxulhu grpdlq1 Wkh lqsxw gdwd j+w, lv wkh glhuhqfh { Ä  { Å lq
wkh glvsodfhphqw ri wkh edu dqg wkh wudqvgxfhu1 Wkh Irxulhu wudqvirup ri wkh lqsxw gdwd+qrlvh.hyhqwxdo vljqdo, hj ÆÇ2È Ç +$, lv pxowlsolhg e| wkh frqmxjdwh ri wkh Irxulhu wudqvirup ri
wkh whpsodwh vljqdo hj ÉbÊ Ë2Ì
Ç2Í +$,= Wklv surgxfw lv glylghg e| wkh wrwdo qrlvh vshfwuxp V ÌÎ/Ê É?Ï
wr rewdlq wkh owhu gdwd hj Ð"ÊÍ È Ï?ÑÏ/Æ +$,= Wr jr edfn wr wkh wlph grpdlq zh shuirup dq lqyhuvh
Irxulhu wudqvirup1 Wkh hqhuj| H Ð[ÇCÉbÈ lv ghwhuplqhg e| wkh vtxduh ri wkh wlph grpdlq owhuhg
gdwd j ÐÊÍ È Ï?ÑÏ?Æ +w,=
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Iljxuh 4716= Wkh eorfn gldjudp iru wkh vorz owhu1 Wkh uvw jud| eorfn lv wkh htxlydohqw lqrxu vlpxodwlrq ri wkh orfn0lq ghprgxodwru lq wkh uhdo dqwhqqd1 Zh xvh wkh skdvru ixqfwlrqh{s+l$w, wr ghprgxodwh wkh gdwd1 Wklv lv htxlydohqw wr vhsdudwh wkh gdwd lq wkh lq0skdvh dqglq0txdgudwxuh frpsrqhqwv1 Wkh rxwsxwv ri wkh ghprgxodwlrq duh wkhq frpsoh{ yduldeohv1 Zhxvh lq rxu gldjudp wklfn olqhv wr lqglfdwh wkh rz ri wkhvh frpsoh{ yduldeohv +dv li frpsrvhg
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The interaction of gravitational waves with a bar
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2-mode oscillator simulation’s steps2-mode oscillator simulation’s steps
STEP 1
Set parameter of simulation: Temperature, Quality factor, 
Mass of bar & transducer
STEP 2
Use parameters to calculate the spring coefficients matrix K,
from K calculate eigenvector matrix A.
A is the transformation matrix from mass to normal mode coordinates.
STEP 3
Set 2 independent oscillators with the frequency 
determined by the eigenvalues of K
Use the digital filter to simulate the output of the oscillators.
STEP 4
Go back to the inertial coordinates using A. Calculate the observable: 
the difference between the two mass coordinates.  
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the noise-energy for fast(blue) and slow(red) filter
Iljxuh 5417= Wkh wlph vhtxhqfh iru wkh idvw +eoxh, dqg vorz +uhg, hyhqwv lv vxshulpsrvhg lqwklv jxuh1 Zh fdq qrwlfh wkdw hyhq li qrw lghqwlfdo wkh wzr wlph vhtxhqfh lq dyhudjh iroorzhdfk rwkhu1 Lw vhhpv wkdw rqh owhu lv qrw %txlhwhu% wkdq wkh rwkhu1
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the noise-energy for fast(blue) and slow(red) filter
Iljxuh 5418= D forvhu orrn dw wkh wlph vhtxhqfh ri wkh rxwsxw ri wkh wzr owhuv1
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Iljxuh 5419= Wkh hqyhorsh ri wkh idvw owhu lv vkrzq lq uhg/ wkh hqwluh idvw wlph vhtxhqfh lqeoxh1
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Iljxuh 541:= Wkh klvwrjudpv ri wkh hqyhorshv ri wkh idvw +eoxh, dqg vorz owhuv +uhg,1
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Iljxuh 541;= Wkh vxshusrvlwlrq ri wkh hqyhorsh ri wkh idvw +eoxh, dqg vorz +uhg, owhu hqyhorshv1
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Iljxuh 541<= Wkh hyhqwv deryh wkuhvkrog1
Iljxuh 54143= D forvh xs ri wkh hyhqwv ryh wkuhvkrog dqg wkh hvwlpdwlrq ri wkh pd{lpxphqhuj| ri wkh hyhqw1 Wkh flufohv lqglfdwh wkh pd{lpxp iru d jlyhq hyhqw deryh wkuhvkrog1
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Iljxuh 54144= Vwdwlvwlfv iru wkh hqhuj| ri wkh hyhqwv deryh wkuhvkrog1 Lw lv hdv| wr vhh wkdwiru jlyhq hqhuj| wkhuh duh pruh hyhqwv iru wkh vorz owhu1 Wklv surgxfhv d kljkhu idovh dodupudwh zkhq shuiruplqj d frlqflghqfh vhdufk ehwzhhp wzr ghwhfwruv1
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Iljxuh 54145= Wkh glvwulexwlrq ixqfwlrq ri wkh hvwlpdwlrq ri wkh hqhuj| ri wkh vljqdo lq qrlvh1Wkh uhg fxuyh lv wkh uhvxow iru vorz owhu dqg wkh eoxh lv wkdw iru wkh idvw1 Lw lv srvvleoh wrqrwlfh wkdw iru wkh idvw owhu wkhuh duh pruh hyhqwv qhdu wkh uhdo ydoxh ri wkh vljqdo dw 3133:7nhoylqv1
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.55
energy/kelvin
st
an
da
rd
 
de
v
ia
tio
n
/e
n
er
gy
 
si
gn
al
Iljxuh 54146= Wklv jxuh vkrzv wkh vwdqgdug ghyldwlrqv iru wkh hqhuj| hvwlpdwlrq iru wkhidvw dqg vorz owhuv1 Wkh vwdqgdug ghyldwlrq lv qrupdol}hg wr wkh ydoxh ri wkh ruljlqdo vljqdohqhuj| dqg lw lv glvsod|hg dv d ixqfwlrq ri wkh hqhuj| ri wkh vljqdo1
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Iljxuh 54147= Wkh hqhuj| ri wkh vljqdo lq qrlvh diwhu wkh rshudwlrq ri owhulqj zlwk wkh idvwdqg vorz owhuv duh frpsduhg djdlqvw hdfk rwkhu1 Lw vhhpv wkhuh lv d yhu| jrrg fruuhodwlrqehwzhhq wkh wzr gdwd vhwv1
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Iljxuh 54148= Wkh duulydo wlph dqg hqhuj| ri wkh vljqdo lq qrlvh iru wkh idvw +eoxh, dqg vorz
+uhg,1
Iljxuh 54149= Wkh duulydo wlph ri vljqdo iru wkh vorz owhu dqg wkh idvw owhu1 Wkh wlph lv jlyhqlq vdpsolqj srlqwv +73<9 shu vhfrqg,1 Wkh hqhuj| ri wkh lqmhfwhg vljqdo lv 3133:7 nhoylq1
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Wdeoh 5415= Wkh vwdqgdug ghyldwlrq ri wkh duulydo wlphv qrupdol}hg wr wkh hqhuj| ri wkh vljqdo
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Iljxuh 5515= Wkh klvwrjudp iru wkh ghprgxodwhg gdwd +eoxh, dqg wkh ruljlqdo gdwd +uhg,1 Lwlv fohdu wkdw dw kljk hqhuj| wkh wzr klvwrjudpv duh frpsdudeoh1
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Iljxuh 5516= Wkh hqyhorsh ri wkh qrq0ghprgxodwhg +uhg, gdwd vxshulpsrvhg rq wkh wlph vhulhv
ri wkh ghprgxodwhg gdwd +eoxh,1
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Iljxuh 5517= Wkh frpsdulvrq ri wkh odujh vljqdo +qr qrlvh, ruljlqdo wlph vhulhv +eoxh, dqg
wkh %uhfrqvwuxfwhg% iurp wkh ghprgxodwhg gdwd wlph vhulhv1 Wkhuh lv frpsohwh djuhhphwqehwzhhq wkh wzr vhulhv1
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Iljxuh 5518= Wkh wlph vhulhv ri wkh skdvh skl iru wkh ghprgxodwhg gdwd1
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Iljxuh 5519= Wkh glhuhqfh ri wkh ydoxhv ri wkh skdvh skl1 Qrwlfh wkh %jolwfkhv% ru vxgghqfkdqjhv lq wkh skdvh ydoxh1
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Iljxuh 551:= Wkh klvwrjudp ri wkh hqhuj| ri wkh ghprgxodwhg +uhg, dqg qrw ghprgxodwhg
+eoxh, gdwd1
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Iljxuh 5714= Wkh idvw owhu dssolhg wr d odujh lpsxovh wkd h{flwhv mxvw wkh edu +eoxh/ dv lq wkh
judylwdwlrqdo zdyh vljqdo, dqg erwk wkh edu dqg wudqvgxfhu1 Wkh owhu dvvljqv pruh hqhuj|wr wkh uvw w|sh ri hyhqw1
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Iljxuh 5715= Wkh idvw owhu rxwsxw lq wkh fdvh ri hqhuj| ehlqj gholyhuhg mxvw lq wkh edu +eoxh,
dqg erwk lq wkh edu dqg wudqvgxfhu +uhg,1
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